Background: Interferon regulatory factor 8 (IRF8), which is induced by peripheral nerve injury (PNI), plays a key role in activating spinal microglia to release inflammatory cytokines in a p38-dependent way, thereafter results in formation of central sensitization. Pulsed radiofrequency (PRF) on dorsal root ganglion (DRG) alleviates neuropathic pain and inhibits the microglial activation in chronic constriction injury (CCI) rats. However, the consequences of PRF on spinal IRF8 of CCI rats remains unknown.
Study Design
Four hundred and eight male SD rats were randomly (according to the method of random number table) divided into 8 groups: Sham group, CCI group, CCI + PRF group, CCI + Sham-PRF (CCI + SPRF) group, Sham + PRF group, CCI with IRF8 antisense oligodeoxynucleotide (CCI + AS ODN) group, CCI with IRF8 mismatch oligodeoxynucleotide (CCI + MM ODN) group, CCI with normal saline (CCI + NS) group. Each group contained 51 rats.
Effects of IRF8 Antisense Oligodeoxynucleotide on IRF8, Microglia and p38 Hyperactivity
Rats in the following 5 groups (Sham, CCI, CCI+AS ODN, CCI+MM ODN, and CCI+NS groups) were studied. All rats (except in the Sham group) were subject to CCI of the right sciatic nerve. The rats in CCI + AS ODN group, CCI + MM ODN group and CCI + NS group were intrathecally treated with antisense ODN of IRF8, mismatch ODN of IRF8 and same volume 0.9% NaCl, respectively. Pain behaviors and the levels of IRF8, Iba1 and p-p38 in the spinal cord were assayed and compared among the 5 groups.
PRF Effects on Neuropathic Pain and the Spinal IRF8, Microglia and p38 Hyperactivity
Four groups were observed, including Sham, CCI, CCI + PRF, CCI + SPRF. All rats (except in the sham group) were subject to CCI of the right sciatic nerve. On the postoperative day 7, PRF was applied to the ipsilateral L4-5 DRG in CCI + PRF group, CCI + SPRF group was kept design as control. Pain behaviors and the expressions of IRF8, Iba1, p-p38 were measured.
PRF Therapy on Normal Rats
Rats in the 2 groups, including the Sham and Sham + PRF groups were studied. PRF was applied to the ipsilateral L4-5 DRG in Sham + PRF group. Pain behavioral changes and the expressions of IRF8, Iba1, and p-p38 were measured in the spinal cord.
All changes of mechanical allodynia and thermal hyperalgesia were studied before the operation (D0), on first (D01), third (D03), fifth (D05), and seventh (D07) postoperative day and first (D1), third (D3), fifth (D5), seventh (D7), ninth (D9), eleventh (D11), and fourteenth (D14) day after PRF treatment or completion of intrathe-N europathic pain (NP) has been defined as "pain arising as a direct consequence of a lesion or disease affecting the somatosensory system" (1) resulting from several idiopathic conditions, such as diabetes, herpes zoster infection, and trauma. NP adversely affects the somatic, psychological, and sociological health of patients. It remains hard to treat due to the complicated etiology and mechanisms that include several neurotransmitter systems, receptors, ionic channels, and cell types (2, 3) . Thus, current pharmacotherapy rarely resolves intractable pain in patients. Recently, pulsed radiofrequency (PRF) on the dorsal root ganglion(DRG) has been proved to significantly alleviate neuropathic pain (4) (5) (6) . PRF has been increasingly accepted due to its lack of destructive effects on neurons and pain relief efficacy in several types of chronic pain. Although, the mechanisms by which PRF on DRG reduces the pain remain to be elucidated.
Recently, PRF was administrated on DRG in rats with peripheral nerve injury (PNI) to downregulate microglial activation in the spinal cord and improve pain behaviors (7, 8) . Microglia are the resident macrophages in central nervous system (CNS) and they react to the stimuli that may affect homeostasis and induce pathological alterations (9) (10) (11) . Microglia was induced by PNI to release inflammatory cytokines, such as IL-1β, IL-6, IL-18, TNF-α, and chemokines in a p38-dependent way. The activated microglia could induce central sensitization and maintain microglia-related persistent pain (12) (13) (14) (15) . In addition, Masuda et al (16) reported that interferon regulatory factor 8 (IRF8) was significantly enhanced in the microglia after PNI and played a pivotal role in activating gene expressions that transform microglia into a reactive phenotype.
In this study, we intrathecally administered IRF8 antisense oligodeoxynucleotide in the early phase of CCI to further affirm the function of IRF8 in neuropathic pain. We also investigated whether PRF on the DRG of CCI rats could suppress IRF8, microglia and p38 hyperactivity in the spinal cord to alleviate neuropathic pain.
Methods

Animals and Materials
Male Sprague Dawley (SD) rats (4 months old, 250-280 g) were obtained from the Experimental Animal Center of Fujian Medical University, Fuzhou. Animals were housed under a 12h light-dark cycle at 22-24 °C with ad libitum access to food and water in cal injection . The spinal IRF8 levels were measured by  western blot, RT-PCR, and immunofluorescence on D14,  by ELISA on D0, D01, D03, D05, D07, D1, D3, D5, D7, D9 , D11, D14. The spinal Iba1 and p-p38 expression were assayed by western blot, RT-PCR, and immunofluorescence on D14. Three rats have been used by ELISA in per timepoint per group, 5 rats have been used by western blot, RT-PCR, and immunofluorescence, respectively.
Neuropathic Pain Model
PNI was performed according to the CCI model as described previously (17) . Briefly, the rat's right common sciatic nerve was exposed at the mid-thigh level under anesthesia and 4 loose ligatures (4-0 chromic catgut) were tied around the nerve (injured hind paw). The muscle and skin were then closed in layers. In the Sham group, the right common sciatic nerve was exposed, but no ligation was carried out. All operations were performed by the same experimenter.
Intrathecal Administration
The rats received intrathecal catheter implantation before CCI. Rats were anesthetized with an intraperitoneal injection of 10% chloral hydrate (300 mg/kg). A PE-10 polyethylene catheter was implanted between the L4 and L5 vertebrae to reach the subarachnoid space of the spinal cord (18) . The outer part of the catheter was plugged and fixed onto the skin upon wound closure. Rats showed neurological deficits after the catheter implantation were euthanized. Antisense oligodeoxynucleotide (AS ODN) of IRF8(5ug/5ul, Biosune, Shanghai, China) and mismatch ODN (MM ODN) of IRF8 (5ug/5ul, Biosune, Shanghai, China) were dissolved in sterile 0.9% saline, the rats were intrathecally treated with antisense ODN of IRF8, mismatch ODN of IRF8 or equivalent volume 0.9% saline once daily for 7 days, 12 hours after nerve injury. Drugs or vehicles were intrathecally injected via the implanted catheter in a 10 µl volume of solution followed by 10µl of vehicle for flushing. Each injection lasted at least 5 minutes. After injection, the needle remained in situ for 2 minutes before being withdrawn.
Pulsed Radiofrequency Treatment
On the postoperative day 7, the right L4-5 DRG of rats were exposed in CCI + SPRF, Sham + PRF and CCI + PRF groups through laminectomy and facetectomy, without injury to the duramater. PRF was then applied to the corresponding DRG, using PRF therapeutic equipment (Cosman RFG-4 Generator, Burlington, MA, USA), by placing the active tip electrode perpendicularly adjacent to the DRG. The motor stimulation test was used instead of the sensory stimulation test. PRF waves were applied after carrying out the motor stimulation test, via muscle contraction of the lower extremities. Stimulation parameters of PRF waves were set as follows: 2 bursts/s, duration = 20 milliseconds, output voltage = 45 V, maximum temperature = 42°C, and the stimulated time = 6 minutes. No radiofrequency stimulation was done to the DRG in the CCI + SPRF control group.
Behavioral Testing
Mechanical Hypersensitivity
Rats were placed in a plastic chamber (20 cm × 25 cm × 15 cm) and habituated for 15 minutes before testing. Paw withdrawal threshold (PWT) was evaluated with von Frey filaments (Stoelting, Wood Dale, IL, USA) using the previously described up-down method (19) . Each filament was applied perpendicularly to the ipsilateral territory, near the center of the vibrissal pad. Avoiding further contact with filament, quickly turning head away, scratching the stimulated area, or attacking the filament was considered a positive response. An allodynic rat was defined as the one where 50% PWT is < 4.0 g (withdrawal in response to non-noxious tactile stimulus).
Thermal Hyperalgesia
Paw withdrawal latency (PWL) was tested by measuring the withdrawal response of the hind paw to heat stimulation with the Plantar Test Apparatus (TaiMeng science and technology, Chengdu, China) as described by Hargreaves et al (20) The cut-off latency was 30 seconds to avoid thermal injury. The withdrawal latency at each time point was an average of 3 latencies separated by an interval of 5 minutes. The tests were conducted on the same days as the von Frey test, and both tests were conducted by the same experimenter who was blind to the group allocation of the rats.
ELISA
The spinal cord of lumbar (L4-L5) ipsilateral quadrant to the lesion was collected. Samples were added PBS (pH7.4), homogenized by hand or grinders, centrifuged for 20 minutes at the speed of 3000 r.p.m. and then supernatant was removed. The levels of IRF8 were determined by Rat Interferon Regulatory Factor 8 ELISA Kit (Luyuan Dade biological technology, China) with a commercial reagent kit following the manufacturer's instruction.
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Western Blot
The spinal cord of lumbar (L4-L5) ipsilateral quadrant to the lesion was collected. Tissues were homogenized and centrifuged at 5000 × g for 10 minutes at 4°C and protein concentrations were measured using a Bio-Rad DC Protein Assay Kit. Equal amounts of protein were resolved by 10% SDS-PAGE and transferred to PVDF membranes (Millipore, Bedford, MA, USA). The membranes were blocked with 5% non-fat milk at room temperature and incubated overnight at 4°C with primary antibodies (rabbit anti-IRF8, #5628, 1:1000, Abcam, USA; rabbit anti-Iba1, ab178847, 1:1000, Abcam, USA; rabbit anti-phosphorylated-p38MAPK (Thr180/ Tyr182), #4631, 1:1000, Cell Signaling Technology, USA; rabbit anti-β-actin, #4967, 1:1000, Cell Signaling Technology, USA.). Then, the membranes were incubated with HRP conjugated secondary antibody (1:5000, Thermo Scientific, USA) at room temperature for 2 hours. Finally, Peroxidase activity was visualized using the ECL Western Blot Detection kit (Beyotime, China). Western blots were quantitated with image analysis system (BioRad, USA). After normalization with β-actin, data was presented as mean percentages of the ratio of total protein to their respective signal intensity levels found in sham group animals, indicated as 100%.
Real-Time RT-PCR
Total RNA was extracted from the L4-5 ipsilateral quadrant spinal cord with Trizol and reversed transcribed with the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Carlsbad, CA). Real-time PCR was performed using Power SYBR Green Master Mix (Applied Biosystems, Carlsbad, CA) according to the manufacturer's instructions and analyzed by RT-PCR in a detection system (Applied Biosystems, Foster City, CA). The following real-time PCR protocol was followed: reverse transcriptase was activated and cDNA was synthesized (50 o C for 5 minutes), PCR was activated (95℃ for 3 minutes), 40 cycle s of denaturation were performed (95 o C for 30 seconds), and annealing and extension was done for 1 minute at 60°C. At the end of PCR, a melting curve analysis was performed by slowly increasing the temperature from 60 to 95 o C. The data were analyzed by Software 2.2 using cycle threshold (Ct) value as the readout and relatively normal levels of β-actin.
The primers used are presented as follows:
Immunofluorescent Histochemistry
Rats were perfused with 200 mL saline followed by 200 mL of 0.1 M phosphate buffer (PB, pH7.3) containing 4% paraformaldehyde. The L4-5 spinal cord was removed and post-fixed in 4% paraformaldehyde for 24 hours, and then allowed to equilibrate in 30% sucrose in PBS overnight at 4 o C. Transverse spinal sections were cryostat cut into 4-6 µm, collected in 0.01 M phosphate-buffered saline (PBS, PH7.3). After washing with PBS, the tissue was penetrated with 0.3% Tritonx-100 at 37 
Statistical analysis
All data were analyzed using SPSS 20.0 statistical software package (SPSS Inc., Chicago, USA) and have been presented as mean ± SEM. All data were graphed using Prism 5.0 (GraphPad, La Jolla, CA). After the data distribution was tested to be normal, behavioral data, western blot data, and ELISA data were analyzed using repeat measures (multiple groups × time) ANOVA with Bonferroni post hoc test for multiple comparisons to determine overall significance. When ANOVA showed a significant difference, pairwise comparisons between the means were tested by the post-hoc Tukey method or Fisher protected Least Significant Difference (LSD) post-hoc test. An alpha value of 0.05 was considered statistically significant.
Results
Therapeutic Effects of IRF8 Antisense Oligodeoxynucleotide on Neuropathic Pain
To investigate the impact of microglial IRF8 in modulating pain, a model in which antisense oligodeoxynucleotide of IRF8 were transferred spinally to rats. It was found CCI-induced allodynia were reversed by inwww.painphysicianjournal.com E311 PRF on DRG of CCI Rats Relieves Pain trathecal administration of IRF8 AS ODN once a day for 7 days (beginning 12 hours after nerve injury) in rats (P < 0.01, Fig. 1A-B) . Long-lasting mechanical allodynia (P <0.01, Fig. 1A ) and thermal hyperalgesia (P < 0.01, Fig.   1B ) in CCI, CCI + MM ODN, and CCI + NS groups reached a peak on 7th day after nerve injury and maintained stable withdrawal thresholds until the end of observation compared with those in sham-operated rats. The mechanical allodynia and thermal hyperalgesia were not completely induced and there was no induction of pain behavior during intrathecal injection of IRF8 AS ODN compared with those in Sham group. Although the withdrawal thresholds were significantly decreased after finishing injection in the CCI + AS ODN group compared with those in Sham group (P < 0.01), but they were still higher than the values in the CCI, CCI + MM ODN and CCI + NS groups (P < 0.01).
The baseline level of IRF8 was 58.38 pg/mg as measured by the ELISA analysis. The upregulated IRF8 level started from postoperative day 1, peaked at day 3, and persisted for at least 21 days in the CCI, CCI+MM ODN and CCI+NS groups compared with those in shamoperated rats (P < 0.01, Fig. 1C ). The levels of IRF8 were stable at low baseline level (56.7-73.7 pg/mg) during intrathecal injection of IRF8 AS ODN, it was increased after finishing injection in CCI + AS ODN group compared with those in Sham group (P < 0.01), but they were still lower than the values in the CCI, CCI + MM ODN and CCI + NS groups (P < 0.01).
Correspondingly, RT-PCR analysis (Fig. 1D) , western blot (Fig. 1E ) and immunofluorescent histochemistry analysis (Fig. 1F ) demonstrated that IRF8, Iba1 and p-p38 levels were increased in the ipsilateral spinal cord of the CCI, CCI+MM ODN and CCI+NS groups compared with those in Sham group (P < 0.01) and decreased in the CCI + AS ODN group compared with those in CCI group (P < 0.01) on D14.
Therapeutic Effects of PRF on Neuropathic Pain
In our study the partial ligation of sciatic nerve induced long-lasting mechanical allodynia (P < 0.01, Fig.  2A ) and thermal hyperalgesia (P < 0.01, Fig. 2B ) after CCI, reached a peak on 7th day, and maintained stable withdrawal thresholds until the end of observation as compared with those in sham-operated rats. No significant changes were found in the contralateral hind paw in all the groups (P > 0.05, Fig. 2C-D) , similar to the ipsilateral paw in Sham group (P > 0.05, Fig. 2A-B) . Mechanical allodynia (P < 0.01, Fig. 2A ) and thermal E313 PRF on DRG of CCI Rats Relieves Pain www.painphysicianjournal.com hyperalgesia (P < 0.01, Fig.2B ) were partial recovered in the CCI + PRF group from the first day after a single application of PRF and was maintained throughout a period of 14 days, compared with those in CCI group, but could not return to pre-CCI baseline. In CCI and CCI + SPRF groups, the paw withdrawal threshold and paw withdrawal latency were both maintained low-levels from post lesion days 7 to 21.
Effects of PRF on the Spinal IRF8, Microglia and p38 Hyperactivity
The upregulated IRF8 levels decreased from 699.12 pg/mg to 381.80 pg/mg on first day after a single application of PRF (P < 0.01, against the CCI group, Fig.   3A ) and the levels were stable at 350 pg/mg for approximately 14 days, although it was still higher than those in Sham group (P < 0.01, Fig. 3A) . Correspondingly, RT-PCR analysis (Fig. 3B) , western blot analysis (Fig. 3C ) and immunofluorescent histochemistry analysis (Fig. 2D ) demonstrated that IRF8 levels increased in the ipsilateral spinal cord of the CCI group compared with those in Sham group (P < 0.01) and decreased in the CCI + PRF group compared with those in the CCI group (P < 0.01) on day 14 after a single application of PRF. To understand whether PRF applied to the DRG of rats with CCI could restrain microglia and p38 hyperactivity in the spinal cord to alleviate neuropathic pain, we performed an RT-PCR analysis (Fig. 3B) , a western blot analysis (Fig. 3C) , and an immunofluorescent histochemistry analysis (Fig. 3D) . We found that the expressions of Iba1 (P < 0.01) and p-p38 (P < 0.01) were significantly increased in the CCI, CCI + SPRF, and CCI + PRF groups compared with those in Sham group after nerve injury. Although after PRF treatment, the expressions of Iba1 (P < 0.01) and p-p38 (P < 0.01) in the CCI + PRF group decreased significantly than those in the CCI, CCI + SPRF groups, ut were still higher than those in the Sham group (P < 0.01).
Fig. 2. Therapeutic effects of PRF on neuropathic pain. CCI induced long-lasting mechanical allodynia (A) and thermal hyperalgesia (B) in ipsilateral hind paw. Changes in paw withdrawal threshold (C) and paw withdrawal latency (D) in contralateral hind paw of all groups. Data is represented as
PRF Therapy Took No Effect in Normal Rats
We further examined if PRF could alter pain behaviors and pain signals in normal rats. All PRF-treated rats without CCI exhibited normal movements. The mechanical allodynia and thermal hyperalgesia were not found, and there were no differences in the ipsilateral paws between Sham + PRF and Sham groups at all time points (P > 0.05, Fig.4 A-B) . Similarly, no differences were found in the expressions of IRF8, Iba1, and p-p38 between Sham and Sham + PRF groups (P > 0.05, Fig.  4C-F) . activation of immune and immune-like glial cells in the DRG and spinal cord leads to the release of both proand anti-inflammatory cytokines, which are involved in the spinal nociceptive transmission and central sensitization (21, 22) . Due to its important role in the modulation of sensory processing and its anatomic accessibility to clinical intervention, it becomes an excellent clinical target for pain treatment (23) (24) (25) (26) . A previous study showed that the increased exposure time to PRF current from 2 to 6 minutes contributed to an enhanced anti-allodynic effect without motor impairment (27) . Thus, in our study, the PRF current duration was set for 6 minutes to the L4-5 DRG to gain pain relief.
In this study, we developed the rat's CCI model according to a previous report to mimic the neuropathic pain manifestations in human (17) . Mechanical allodynia and thermal hyperalgesia were partial recovered from 1 day after a single application of PRF and maintained throughout a period of 14 days. The reasons which mechanical allodynia and thermal hyperalgesia were reversed even after PRF cessation but did not recover to pre-CCI baseline, maybe correlated to the conditions, such as voltage of PRF (45V), duration (6 min), and CCI model. It remains to be investigated if the upregulated voltage (over 45V) and prolonged duration (over 6 min) are capable of achieving more beneficial pain relief.
Prolonged Analgesia of PRF
The activation of mitogen-activated protein kinases (MAPKs) which contain p38, extracellular regulated protein kinase (ERK) and c-Jun N-terminal kinase (JNK) induces synthesis of pro-inflammatory/pronociceptive E317 PRF on DRG of CCI Rats Relieves Pain mediators to enhance and prolong neuropathic pain (7) . Early application of PRF adjacent to the DRG can downregulate p38 and ERK activation, along with alleviating nerve ligation-induced mechanical allodynia for 7 days and thermal hyperalgesia on postoperative days 3-7 (28) . It has been previously demonstrated that PRF inhibits SNL-induced microglial p-p38 and TNF (28) . Also, PRF on the ipsilateral DRG can reverse mechanical allodynia induced by autologous nucleus pulposus implantation to a nerve root for 40 days (8) . In our study the benefits of a single PRF application persisted for at least 2 weeks, which further confirmed that PRF on DRG could contribute to a prolonged analgesic efficacy. We also observed that pain reduction was accompanied by the reversed IRF8-increased expression, microglial activation, and p38 phosphorylation in the spinal cord after PRF therapy. Thus, the inhibition of IRF8, microglia, p-p38 might participate in the prolonged analgesia.
Long-term potentiation (LTP), an increase in postsynaptic current or potential evoked by a single monosynaptic preganglionic action potential, is involved in nociceptive sensitizing processes. It sensitizes molecules in the central nervous system to maintain and enhance pathological pain (29) (30) (31) . Spinal glia sustain late-phase LTP in neuropathic pain for days, weeks, or even longer (32) (33) (34) . Our study demonstrated that PRF intervention inhibited spinal microglial expression. Moreover, application of bipolar PRF adjacent to the L5 DRG of SNL and control at an intensity of 5 V for 5 minutes can lead to selective long-term depression (LTD) of PRF on C-fiber-mediated spinal evoked-field potentials (35) . Therefore, our further objective is to explore how PRF on DRG of CCI rats alters LTP or LTD to exert prolonged analgesia.
The Mechanisms of Analgesic Effect of PRF
PRF Effects on Spinal Microglia/p38 Hyperactivity
Evidence has demonstrated the pivotal role of spinal microglia in neuropathic pain (36) . Microglia cells are the first to be activated following various insults in the nervous system, including PNI and they remain active for several weeks (21, 37) . Microglia transform to reactive phenotype and display a progressive series of cellular and molecular changes, including morphological hypertrophy, rapid proliferation, upregulated expression of various genes, and increased expression of microglia characteristic markers, such as Iba1, and increased p38 phosphorylation in the spinal microglia (15, (38) (39) (40) (41) (42) . The inflammatory cytokines are then released by microglia in a p38-dependent way and contribute to the development of pain hypersensitization and long-persisting pain (43) . It is noteworthy that p38 is activated only in the spinal microglia after nerve injury (18) . Early studies showed that minocycline and SB203580 could prevent/delay neuropathic pain (44) .
PRF was applied to the DRG in a rat model of neuropathic pain and observed the reduction of established mechanical hypersensitivity and significant attenuation of activation of microglia in the spinal dorsal horn (7, 8) . Our data is consistent with conclusions from previous studies as mentioned before. The mechanical allodynia and thermal hyperalgesia were recovered, the expression of Iba1 and p-p38 were significantly downregulated after a single PRF, although it didn't recover to normal value. This demonstrated that PRF may suppress the activation of microglia and p38 signaling pathway and contributed to the nociceptive relief.
PRF Effects on Spinal IRF8
Microglial cells are activated and converted to reactive phenotype after PNI. But, we also wanted to examine how microglia transformed into reactive phenotypes. IRF8 plays a crucial role for microglial activation and is involved in the development of neuropathic pain (16) . It has been shown that IRF8 expression significantly increased only in the spinal microglia after PNI, and IRF8-knockout mice showed resistance to PNI-induced tactile allodynia. IRF8 small interfering RNA was intrathecal injected on day 5 and 6 into post-PNI wild type mice that had established neuropathic pain, and there was a significant recovery in PWT. In vitro studies also suggest that IRF8 overexpression in microglia activates the transcription of genes associated with the microglial reactive states, including toll-like receptor 2, chemotaxis, and inflammatory components. These genes were inhibited in IRF8-knockout mice spinal cord following PNI. Thus, IRF8 regulates a series of gene expressions that transform microglia into a reactive phenotype and initiates neuropathic pain. In addition, there is a reversal of CCI-induced allodynia and presence of high levels of IRF8, Iba1, and p-p38 in the spinal cord after intrathecal administration of IRF8 AS ODN in rats. These results further imply that IRF8 should be located on the upstream of microglia and p38.
IRF8 is the key for microglial activation, and PRF to the DRG in rats with neuropathic pain could induce pain-relief via lessening microglial activation. So, we deduced that PRF might regulate microglial activation through blocking the expression of IRF8 in the spinal cord. We observed that spinal IRF8 levels were significantly and persistently downregulated for 14 days after PRF treatment, consistent with the analgesic effects on mechanical allodynia and thermal hyperalgesia. Moreover, PRF induced long-lasting inhibition of microglial activity and p-p38 in the spinal cord and rescued the sensory function even after interruption of treatment. This reveals that PRF on the DRG mimics IRF8 AS ODN to contribute to the pain reduction. Nerve injury-induced microglial proliferation in the spinal cord is not influenced by IRF8-knockout (16); therefore, it is not due to defect in reactive processes of microglia due to lack of IRF8. The results could explain the fact that IRF8 and microglia were significantly downregulated but the values still higher than the normal baseline after PRF treatment for an established chronic pain syndrome.
PRF: A Safe Therapy in Pain Management
PRF treatment offers several unique advantages, including minimal invasiveness, ease of application, and greater safety due to the lower heat emission which enormously reduces the risk of nerve damage (35) . Serious adverse effects, including infection, long-term neurological deficits, nerve injury, postoperative paresthesia, dysesthesias, or hyposensitivity following the correct PRF treatment were rarely reported (5, (45) (46) (47) . Choi et al (48) applied 42 o C PRF directly on the normal sciatic nerve of rats for 2 minutes and only minor injury and edema in the myelinated axons were observed on the second day after procedure. In this study, all PRFtreated rats without CCI exhibited normal movement and there was no mechanical allodynia and thermal hyperalgesia. There was no difference in the spinal levels of IRF8, Iba1, and p-p38 between the groups of Sham and Sham + PRF. Thus, we conclude that there are no adverse effects of PRF to the DRG in the spinal cord and thus, is safe for therapy in pain management.
Limitations
In this study, we did not do additional research to evaluate the most appropriate treatment parameters of PRF for treating neuropathic pain. In vivo field potential recording in PRF-treated rats is absent. Also, we just selected one time-point to assay the levels of IRF8, Iba1, and p-p38. The changes of IRF8, Iba1, p-p38 levels in the ipsilateral DRG were not investigated. More detailed research about PRF on the DRG is needed to ease the neuropathic pain further.
conclusions
To our knowledge, this is the first study that employs PRF on the DRG to partially reverse CCI-induced neuropathic pain beyond the treatment period. Additionally, we show that PRF suppresses IRF8 upregulation and microglia, p-p38 hyperactivity in the spinal cord to alleviate neuropathic pain. Our findings could elucidate the proper targets for pain management and provide therapeutic targets to neuropathic pain. It supports PRF treatment as a valuable intervention therapy for chronic neuropathic pain. The treatment will become more optimized for patients due to PRF as a viable clinical option. Future basic science research, and larger, long-term outcome, controlled clinical trials are needed to understand the efficacy and the mechanism of PRF clearly
